Objective: To compare the outcomes of patients with and without a mean serum potassium (K þ ) level within the recommended range (3.5-4.5 mEq/L). Methods: This prospective cohort study involved patients admitted to the medical intensive care unit (ICU) of Siriraj Hospital from May 2012 to February 2013. The patients' baseline characteristics, Acute Physiology and Chronic Health Evaluation II (APACHE II) score, serum K þ level, and hospital outcomes were recorded. Patients with a mean K þ level of 3.5 to 4.5 mEq/L and with all individual K þ values of 3.0 to 5.0 mEq/L were allocated to the normal K þ group. The remaining patients were allocated to the abnormal K þ group. Results: In total, 160 patients were included. Their mean age was 59.3AE18.3 years, and their mean APACHE II score was 21.8AE14.0. The normal K þ group comprised 74 (46.3%) patients. The abnormal K þ group had a significantly higher mean APACHE II score, proportion of coronary artery disease, and rate of vasopressor treatment. An abnormal serum K þ level was associated with significantly higher ICU mortality and incidence of ventricular fibrillation. Conclusion: Critically ill patients with abnormal K þ levels had a higher incidence of ventricular arrhythmia and ICU mortality than patients with normal K þ levels.
is an important electrolyte that has been proven essential for normal functioning of the cardiovascular system, skeletal muscle, internal organs, and nervous system. The intracellular proportion of K þ , which represents more than 98% of the total body K þ , controls cell metabolism and the resting membrane potential. Intracellular K þ is essential for excitability and automaticity of myocardial cells and for the normal functioning of other cells. The normal serum K þ level is 3.5 to 4.5 mEq/L. 1, 2 An abnormal K þ level predisposes a patient to serious complications, especially cardiac arrhythmia and muscle weakness, which may provoke sudden cardiac arrest and/or respiratory failure. Critically ill patients are at risk for alterations in their serum K þ level. Reduced kidney function, the presence of metabolic acidosis, use of mechanical ventilation, and increases in cell turnover promote K þ accumulation. Certain medications such as insulin, sympathomimetic agents, and diuretics decrease serum K þ , while spironolactone, angiotensin-converting enzyme inhibitors, and angiotensin receptor antagonists increase serum K þ . Hypokalemia and hyperkalemia can both induce cardiac arrhythmias. [3] [4] [5] Previous reports have revealed an association between the K þ level and outcomes of acute myocardial infarction 6 and cardiac surgery. 7 McMahon et al. 8 reported an increased 30-day mortality rate among patients with a high serum K þ level at the initiation of critical care. Based on our review of the literature, however, no study has compared the effects of normal and abnormal mean serum K þ levels in critically ill patients during medical intensive care unit (ICU) admission. Therefore, we conducted a prospective cohort study at our center to compare normal and abnormal serum K þ levels and to characterize the relationship between serum K þ and patient outcomes in critically ill patients admitted to the medical ICU of our institution.
Methods
This The primary outcome in this study was ICU and hospital mortality, and the secondary outcome was the incidence of arrhythmia and the ICU and hospital length of stay. During ICU admission, continuous ECG monitoring was performed and the results recorded by the IntelliVue Information Center of the Philips Patient Care System (Philips Healthcare, Best, Netherlands). Arrhythmia was suspected if the heart rate was <50 beats/min, >120 beats/min, or irregular. Once arrhythmia was suspected, a 12-lead ECG was performed. Diagnosis of arrhythmia was made by an attending critical care physician and confirmed by a cardiologist.
Statistical analysis
Data analysis was performed using SPSS Statistics version 20 (IBM Corp., Armonk, NY, USA). Continuous variables are shown as mean AE standard deviation, and categorical variables are reported as the percentage of the total number of patients in that group. To detect a difference in clinical characteristics between two groups, Student's t-test was used for continuous variables and Fisher's exact test or Pearson's chi-square test was used for categorical variables. A two-sided p-value of <0.05 was considered statistically significant. We performed univariate analysis for individual variables. The variables with a p-value of <0.1 were included in the multivariate model using binary logistic regression analysis. A value of p<0.05 was considered significant.
Results

Serum K þ levels and patient characteristics
In total, 160 critically ill patients were included. Their mean age was 59.3AE18.3 years, 52.5% were men, and the mean APACHE II score was 21.8AE14.0. The mean ICU and hospital lengths of stay were 11.8AE14.0 and 30.8AE32.4 days, respectively. The mean serum K þ level was 3.9 mEq/L. Seventy-four patients were allocated to the normal K þ group, while 86 patients were allocated to the abnormal K þ group. The baseline demographic and clinical characteristics of patients in both groups are shown in Table 1 . There were no significant differences in age, sex, or underlying conditions between the groups. The mean APACHE II score and proportion of patients with previously diagnosed coronary artery disease were both higher among patients in the abnormal K þ group. Severe sepsis or septic shock was the leading cause of ICU admission, followed by acute respiratory failure, requirement for mechanical ventilatory support, shock from other causes, and congestive heart failure.
The patients' baseline laboratory results revealed an increased serum creatinine level in both groups. The serum chloride and bicarbonate levels were significantly lower in the abnormal than normal K þ group (p=0.01 and p=0.008, respectively). The mean baseline K þ level was similar between the groups, but the abnormal K þ group had a wider range of standard deviations. The rates of ventilator support and renal replacement therapy were not different between the groups. Vasopressors were required in a higher proportion of patients in the abnormal K þ group, but the difference was not statistically significant.
Serum K þ level and hospital outcomes
The mean serum K þ level during ICU admission was significantly higher in the normal than abnormal K þ group. Most (46.5%) patients in the abnormal K Only 12.8% of patients in the abnormal K þ group had a K a þ level of >4.5 mEq/L. The ICU mortality and hospital mortality rates were 32.5% and 43.8%, respectively. Compared with the normal K þ group, abnormal mean serum K þ levels were associated with significantly higher ICU mortality (24.3% vs. 39.5%, p=0.04) and higher hospital mortality (37.8% vs. 48.8%), although the latter was not statistically significant ( Table 2 .) The abnormal K þ group had longer ICU and hospital lengths of stay than the normal K þ group; however, the difference in these parameters between the two groups was not statistically significant ( Table 2) .
Serum K þ levels and cardiac arrhythmias
Cardiac arrhythmia was detected in 36.2% of patients. The leading type of arrhythmia was atrial fibrillation in 39 patients (24.8%), followed by premature ventricular contraction in 10 patients (5.7%), supraventricular tachycardia in 6 patients (3.7%), and ventricular tachycardia or fibrillation in 6 patients (3.7%). The incidence of overall arrhythmia was not significantly different between the groups. Table 2 . Outcomes of patients in the normal and abnormal serum K þ groups
Outcomes
All patients (n ¼ 160) 
Predictive factors significantly associated with ICU mortality
A univariate analysis was performed to identify independent factors associated with ICU mortality. Eight independent factors were identified: an APACHE II score of !20, ICU admission diagnosis of septic shock, presence of metabolic acidosis, baseline creatinine level of !2 mg/dL, abnormal serum K a þ level, requirement for vasopressor support, requirement for mechanical ventilator support, and requirement for renal replacement therapy. All eight parameters were then included in the multivariate analysis, which showed that a requirement for vasopressor therapy (p=0.02) and renal replacement therapy (p=0.005) were the only predictors significantly associated with ICU mortality. The results of the univariate and multivariate analysis are presented in Table 3 .
Discussion
The findings of this study demonstrate that an abnormal serum K þ level during the first 2 weeks of ICU admission is associated with adverse patient outcomes. ICU mortality was significantly higher among patients in the abnormal K a þ group.
Hospital mortality was also higher in the abnormal group, but the difference did not achieve statistical significance. This can be partially explained by the increased incidence of malignant arrhythmia, especially ventricular tachycardia and ventricular fibrillation, in the abnormal K þ group.
These findings support the evidence that serum K þ has a significant impact on patient outcomes, including critically ill patients.
Information from previous studies has suggested that the K þ level at both admission and during post-admission is associated with the outcomes of patients with acute myocardial infarction and those who have undergone cardiac surgery, but not of those 6 conducted a large retrospective cohort study of patients with biomarker-confirmed acute myocardial infarction, from which they identified the association between the mean postadmission serum K þ level and patient outcomes. In that study, the lowest in-hospital mortality rate was reported in patients with an average K þ level ranging from 3.5 to <4.5 mEq/L, and the mortality rate doubled among patients with a K þ level of !4.5 or <3.5 mEq/L. Moreover, the incidence of ventricular fibrillation and cardiac arrest was lowest in patients with a postadmission K þ level within the range of 3.0 to <5.0 mEq/L.
Data from a large prospective observational case-control study of 2,402 patients who underwent elective coronary artery bypass surgery showed an association between the preoperative serum K þ level and patient outcomes. 7 The incidence of perioperative arrhythmia, intraoperative arrhythmia, postoperative atrial fibrillation/flutter, and the need for cardiopulmonary resuscitation were higher among patients with a preoperative serum K þ level of <3.5 mEq/L. However, this association was not observed in patients who underwent general abdominal surgery 10 or elderly surgical patients. 11 Critically ill patients, who are frequently affected by organ dysfunction and often receive multiple medications that affect K þ regulation, are at high risk of developing abnormal K þ levels. A large retrospective observational study of critically ill medical and surgical patients who were admitted to the ICU showed that a K þ level at ICU admission of >4.5 mEq/L was a strong independent predictor of 30-day all-cause mortality. 8 The risk of death in that study increased with an increasing K þ level. However, the authors did not mention the post-admission K þ levels. They also did not report the incidence of cardiac arrhythmias or other complications associated with abnormal K þ levels Hessels et al. 12 recently reported a U-shaped correlation between the serum K þ level and hospital mortality.
Although the mean post-admission K þ level was selected as the parameter with which to determine patient outcomes in some previous studies, some patients whose mean K þ level was within the normal range may have had individual K þ levels outside the normal range. Transient abnormality in the K þ level, either too low or too high, may affect patient outcomes. Cardiac arrhythmia can occur during hypokalemic or hyperkalemic states, and the results of our study confirm this hypothesis. Our study showed that the incidence of life-threatening arrhythmia (specifically ventricular tachycardia/fibrillation) was significantly different between the two groups (p=0.02). Six patients in the abnormal K þ group developed ventricular tachycardia or fibrillation. Five of six cases of malignant arrhythmia were associated with a low serum K þ level, with one patient developing arrhythmia at a serum K þ level of 6.8 mEq/L. A high incidence of ventricular arrhythmia was reported in patients with acute myocardial infarction. Madias et al. 3 reported a higher incidence of ventricular fibrillation (24.4% vs. 13.0%, p=0.04), but not atrial fibrillation, among patients with hypokalemic acute myocardial infarction (mean serum K þ level of 3.16AE0.24 mEq/L) when compared with patients with normokalemic myocardial infarction (mean serum K þ of 4.28 AE0.56 mEq/L). Another study showed that a low serum K þ level was an independent predictor of ventricular tachycardia and frequent unifocal premature ventricular contractions in early acute myocardial infarction. 5 The association between an abnormal K þ level and increased ICU mortality may be influenced by other factors. The univariate and multivariate analysis results of eight parameters (APACHE II score of
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